Clinical trials have been the main tool used by the health sciences community to test and evaluate interventions. Trials can fall into two broad categories: pragmatic and explanatory. Pragmatic trials are designed to evaluate the effectiveness of interventions in real-life routine practice conditions, whereas explanatory trials aim to test whether an intervention works under optimal situations. Pragmatic trials produce results that can be generalized and applied in routine practice settings. Since most results from exploratory trials fail to be broadly generalizable, the "pragmatic design" has gained momentum. This review describes the concept of pragmatism, and explains in particular that there is a continuum between pragmatic and explanatory trials, rather than a dichotomy. Special focus is put on the limitations of the pragmatic trials, while recognizing the importance for and impact of this design on medical practice.
an extended population and clinical setting. Although hundreds of trials and RCTs have been performed so far in most clinical conditions, comparing dozens of interventions, there is an increasing expression of doubt as to whether the plethora of available evidence and ongoing data are translatable and usable in real life. The need for high-quality, widely applicable evidence is gaining momentum, especially amidst health care policy makers. [2] [3] [4] The increased costs of interventions and health care in a resource-limited environment have fueled the demand for clinically effective and applicable evidence.
What is a pragmatic trial?
The concern of whether trials produce results applicable to everyday practice was raised many decades ago. Schwartz and Lellouch, back in 1967, coined the terms "explanatory" and "pragmatic" to differentiate trials. 5 The term explanatory was used to describe trials that aim to evaluate the efficacy of an intervention in a well-defined and controlled setting, whereas the term pragmatic was used for trials designed to test the effectiveness of the intervention in a broad routine clinical practice. The explanatory trial is the best design to explore if and how an intervention works, and the whole experiment is designed in order to control for all known biases and confounders, so that the intervention's effect is maximized. Usually the intervention under examination is compared with a placebo or with another active treatment. The pragmatic trial, on the other hand, is designed to test interventions in the full spectrum of everyday clinical settings in order to maximize applicability and generalizability. The research question under investigation is whether an intervention actually works in real life. The intervention is evaluated against other ones (established or not) of the same or different class, in routine practice settings. Pragmatic trials measure a wide spectrum of outcomes, mostly patient-centered, whereas explanatory trials focus on measurable symptoms or markers (clinical or biological). Figure 1 illustrates some main differences between pragmatic and explanatory trials. Generally, the explanatory trials focus towards homogeneity, so that the errors and biases will influence the results as little as possible, whereas pragmatic trials are a race towards maximal heterogeneity in all aspects, eg, patients, treatments, clinical settings, etc. In order to overcome the inherited heterogeneity, which leads to dilution of the effect, pragmatic trials must be large enough (to increase power to detect small effects) and simple in their design. Simple trials are easier to plan, perform, and follow up. Policy makers have an active interest in pragmatic trials, since these are designed to answer the question most relevant to a decision maker's agenda: comparative effectiveness of interventions in the routine practice. Along with the implementation of cost-effectiveness analyses, pragmatic trials can inform policy makers and health care providers of a treatment's cost in real-life situations. Thus, decision makers are active partners in the design of the pragmatic trials. 6, 7 The tree or the forest?
The distinction between an explanatory and a pragmatic trial in real life is not that easy. Most trials have both explanatory and pragmatic aspects. Gartlehner et al proposed a set of seven domains to evaluate the explanatory or pragmatic nature of a trial. 8 Although they acknowledged that efficacy (explanatory) and effectiveness (pragmatic) exist in a continuum, they used a binary system (yes/no) in the evaluation of these domains. Thorpe et al, a few years later, introduced the pragmaticexplanatory continuum indicator summary (PRECIS) tool. 9 PRECIS was created to enable investigators to C l i n i c a l r e s e a r c h 218 Figure 1 . Schematic of the relationship between explanatory and pragmatic trials. The wide base of the pyramid depicts the relatively higher proportion of explanatory trials. To illustrate, a very pragmatic trial across these 10 domains would be:
Explanatory trials

Pragmatic trials
1. There are no inclusion or exclusion criteria 2. Practitioners are not constricted by guidelines on how apply the experimental intervention 3. The experimental intervention is applied by all practitioners, thus covering the full spectrum of clinical settings 4. The best alternative treatments are used for comparison with no restrictions on their application 5. The comparative treatment is applied by all practitioners, covering the full spectrum of clinical settings 6. No formal follow-up sections 7. The primary outcome is a clinical meaningful one that does not require extensive training to assess 8. There are no plans to improve or alter compliance for the experimental or the comparative treatment 9. No special strategy to motivate practitioner's adherence to the trial's protocol 10. The analysis includes all participants in an intentionto-treat fashion. The idea of the explanatory continuum is very intriguing, although rather challenging to apply and quantify. Some modifications of the PRECIS tool have been developed. Koppenaal et al, for example, adapted the PRECIS tool in the assessment of systematic reviews, introducing a scale from 1 to 5 for the 10 domains (1 is for explanatory and 5 for the pragmatic end). 10 Using the ordinal scale system, they demonstrated how their modification (named the PR-tool) could quantify the continuum per domain and study, thus giving an overall summary for systematic reviews. The study by Tosh et al 11 in this issue of Dialogues in Clinical Neuroscience adapts PRECIS into the Pragmascope tool to help the appraisal of RCTs by mental health researchers. They use a scoring system from 0 to 5 (0 is used when the domain cannot be evaluated) to quantify the explanatory continuum, and they give recommendations on translation of a trial's score. A modification of the PRECIS' "wheel" plot, a visualization of the continuum in the 10 domains, is also presented, and the reader is encouraged to examine it.
The rise of "pragmatism"
Although the first article introducing the concept of pragmatism was published in 1967, 5 the scientific community has only recently started to be aware of the issue. 6, [12] [13] [14] Terms like pragmatic and its synonyms, practical and naturalistic, have been used at an increasing rate to express the need for more evidence that is applicable in routine clinical settings (the term naturalistic is also used to describe observational studies with pragmatic aspects). Figure 2 illustrates this etymologic usage trend by plotting the appearance of the words pragmatic or naturalistic along with the word "trial" in articles indexed in MEDLINE. Although the search used to identify these articles is neither sensitive (not all pragmatic trials and articles on the subject are included) nor specific (the retrieved records might not be in fact prag- matic trials or discuss issues on the subject), there is a clear indication that the health sciences community is more sensitized to the whole pragmatism topic. Also encouraging is the increasing rate of clinical trials (as defined by MEDLINE, again this is neither sensitive or specific) that use the words pragmatic and naturalistic in the title or the abstract, depicted in red in Figure 2 . Figure 3A ). An important observation is that 47 of these 111 trials are described as "Open" (still recruiting, ongoing, or not closed yet, Figure 3B ), whereas the database includes 28 882 open interventional studies ( Figure  3C ). Another notable observation is that the distribution of the "pragmatic" trials seems to be reversed compared with the overall open ones: Europe is the region with the highest number of "pragmatic" trials, whereas the USA, first in the overall number of ongoing trials, is in second place. Again, this is neither a sensitive nor a specific method to identify pragmatic trials; it serves as an indication and stimulus for the reader, rather than robust evidence. The pragmatism movement is materialized through research, but the driving power is the health-care policy makers and the societies in general. In 2009 the USA Congress passed the American Recovery and Reinvestment Act (ARRA), a multi-billion dollar stimulus package, which included $1.1 billion for Comparative Effectiveness Research (CER). 15 The two main objectives of the CER Initiative were "to evaluate the relative effectiveness of different health care services and treatment options" and "to encourage the development and use of clinical registries, clinical data networks, and other forms of electronic data to generate outcomes data." The Initiative has already published a report in which 100 national health priorities are described, eg, "Compare the effectiveness of pharmacologic and non-pharmacologic treatments in managing behavioral disorders in people with Alzheimer's disease and other dementias in home and institutional settings."
Limitations and criticism
The cornerstone of a pragmatic trial is the ability to evaluate an intervention's effectiveness in real life and achieve maximum external validity, ie, be able to generalize results to many settings. But what is the definition of "real life" when it comes to health sciences? Will the results of a pragmatic trial that tests a treatment in the primary care setting in UK be applicable in an EastAsian country, or even another European country? Rothwell 16 illustrates such a case in the European Carotid Surgery Trial (ECST), 17 a RCT of endarterectomy for recent carotid stenosis. The differences in the clinical settings between countries resulted in heterogeneity in the investigation time of a new stroke, thus affecting the overall effectiveness of the endarterectomy. Furthermore, even within the same country's health system it is unknown whether similar clinical settings are indeed comparable. Evidence of a treatment's effectiveness in a given setting does not guarantee that it will also be effective in another one, and vice versa. Empirical evidence on the topic is limited. The little systematic evidence available so far has indicated only the lack of external validity in trials, 16 not how comparable different clinical settings are or how easy it is to transfer results from one to another. Moreover, there is no hard evidence that an increase of a trial's "within-study" heterogeneity, eg, variability of practitioners, patient and health care delivery, will indeed increase the external validity by lowering the "between-study" heterogeneity among different trials. A well-studied intervention, with high-quality evidence from robustly designed and performed explanatory trials, which is effective in a specific combination of practitioners/patients, will probably be less effective in extended populations. For example, a high-tech surgical procedure, which needs specialized equipment and trained personnel, in most cases will be less effective in other (suboptimal) settings. This can cause a dilution of effect, and a pragmatic trial will find this intervention to be ineffective in the broader "real-life" setting. On the other hand, some treatments with moderate effects might benefit from the lack of blindness and allocation concealment, and patient preferences or beliefs can influence the outcome of the study. Empirical studies on this subject have demonstrated that trials lacking or with inappropriate blinding and/or allocation concealment often yield (erroneously) more statistically significant C l i n i c a l r e s e a r c h Figure 3 . Interventional trials in the ClinicalTrials.gov registry. A. Trials using the words "pragmatic" and/or "naturalistic" and which claim to be interventional (n=111). B. Number of trials among the 111 presented in panel A that are tagged as "Open" (still recruiting, ongoing or not closed yet, n=47). C. Trials in the ClinicalTrials.gov registry that claim to be interventional and are tagged as "Open" (n=28 882). The search was performed on May 5th 2011 using the terms "pragmatic* OR naturalistic*." Colors indicate the intensity of studies in major world regions. Counts give the exact number of studies per region.
results than RCTs, which are better controlled. [18] [19] [20] Whereas a pragmatic trial can inform on the overall performance of a treatment, in situations as above it will be very difficult to identify the specific components (or even biases) that explain this effectiveness. Post-hoc exploratory subgroup analyses will have to be employed, and inform future trials. Issues like these need to be considered in the planning phase of the trial, in order to identify the possible moderators of effects and plan a priori subgroup analyses, while keeping the trial design as simple as possible. 21 Some promising study designs have been proposed that could be used to identify differential effectiveness in subpopulations or the influence of systematic errors in pragmatic trials, leveraging also the benefits of randomization. 22 Pragmatic trials aim to evaluate many interventions and compare their effectiveness. Explanatory trials can also do the same thing; however there is a systematic lack of comparative (head-to-head) trials in the health science literature. 23 Use of placebo-controlled designs is common, but even when a trial examines an experimental treatment against the established ones, the most common implemented design is a noninferiority or equivalence one, ie, the experimental treatment is tested for whether is not worse than, or the same as, the established one, respectively. This "preference" can be explained less by the explanatory nature of the trials and more by the role of the industry 24 and the current regulations for drug approval. 25 Since pragmatic trials examine treatment effects of many interventions in a plethora of settings, large sample sizes and long follow-up periods are dictated in order to produce reliable and (re)usable evidence. 14, 21 However, the cost of very large trials can be enormous. For instance, the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT), 26 a well-planned RCT which evaluated 4 antihypertensive treatments, took 8 years to finish and the cost was more than $100 million (almost 10% of the overall CER Initiative's budget). 25 The extensive cost of trials (experimental designs) means that observational designs, although not less costly, and, mostly, data-mining methods can be used to answer some generalizability questions. The CER Initiative has provision for funding of such designs; however, observational studies are prone to errors and confounding 27, 28 In such cases, employment of innovative technologies (eg, cloud computing) and open access of the available data (with respect to ethical considerations and privacy) will help the research community to safeguard itself and also boost research discovery. 29 Health-care policy makers probably are to benefit the most from the pragmatism concept. The availability of comparative data from routine practice with cost-effectiveness data will help policy makers to efficiently allocate resources and manpower. Nevertheless, there is no indication that decision makers will have the same priorities or interpretation of the same results. 30 Even so, policy makers might have different points of view and hierarchy systems than clinicians and/or patients. A "one-size-fits-all" approach might not serve anyone at the end of the day. 30 Moreover, in the light of patientcentered medicine, the knowledge that a treatment is effective in a routine setting does not give specific quantifiable answers under individual cases, eg, what is the effect of the treatment in a 70-year old woman with dementia and type 2 diabetes? Finally, in very few areas can 100% pragmatic trials really be performed. Pragmatism is a quality or attribute of the trial that is not simply dichotomous, ie, absent or present. This continuous nature implies that most trials will have some aspects towards the explanatory end and others towards the pragmatic one. Even trials that claim to be pragmatic in their titles, like the ones in Figure 1 , can be as pragmatic as the average trial in some respects. Koppenaal et al 10 evaluated two reviews in their adaptation of PRECIS to systematic reviews: one that expected to have trials with more pragmatic characteristics and another one expected to include trials with more explanatory ones. They observed that indeed the pragmatic systematic review had a higher average score in the 10 PRECIS domains (higher values imply that the study/review is more pragmatic), however in one domain, the participant compliance, the pragmatic systematic review had a (not statistically significant) lower value than the explanatory review (3.0 vs 3.2).
Implications for evidence-based medicine
Like any other concept, pragmatic trials are not free of limitations. However, the whole idea of applicable and generalizable research is very appealing and of benefit to the health sciences community. Sensitizing policy makers, practitioners, and even patients, and making them part of the research culture is a positive step. But should explanatory trials cease to exist? A trial can be designed to have some aspects that are more pragmatic than explanatory, C l i n i c a l r e s e a r c h and vice versa, but some trials must be as explanatory as possible. New interventions and identification of causeeffect relationships will always need experiments with high internal validity. Even the results of pragmatic trials will include many post-hoc exploratory analyses, which will require in turn explanatory trials to verify them. Thus, in terms of absolute numbers there will always be far more explanatory trials than pragmatic ones, with many trials lying in the continuum between them (Figure 1) . Pragmatic trials are not here to replace the existed explanatory ones, rather to complement them. Randomized controlled trials and systematic reviews are two important and well-recognized tools in the evidence based medicine era. 31 Systematic reviews, especially from the Cochrane Collaboration (www.cochrane.org), have highlighted the extensive heterogeneity in available data across topics. Systematic reviews and meta-analyses could incorporate a PRECIS score for synthesized trials and help the systematic mapping of the pragmatism in published research. The scientific community could also benefit from the wide adoption of meta-analysis of multiple treatments (MTM), in which information from indirect comparisons of treatments is used where head-tohead trials are limited or nonexistent. 32 Evidence from MTMs, using the proper statistical techniques, can even sort interventions in terms of effectiveness. 33 Medical journals could adopt tools that measure pragmatic aspects of trials, like the CONSORT extension for pragmatic trials 34 or an adaptation of the PRECIS tool. 9 All of the above could help policy and decision makers prioritize interventions and medical conditions in which rigorous data with practical aspects is sparse.
Conclusion
Pragmatic trials are conducted in real-life settings encompassing the full spectrum of the population to which an intervention will be applied. The "pragmatic design" is an emerging concept, and it is here to stay. The scientific community, practitioners, and policy makers, as well as health care recipients, should be sensitized to the "pragmatic" concept and should even demand more evidence applicable to real-life settings. However, this process should not be done at expense of exploratory trials. We need both concepts to answer the complicated problems lying ahead of us. ❏
